X-ray attenuation measurements are commonly used as a non-destructive method to monitor internal concentration changes of moisture (i.e., moisture content) and other chemical compounds in porous building materials. The technique provides direct measurements of moisture content changes through analysis with a composite model consisting of a dry porous material and a thickness of water equivalent to the moisture content of the material. The current formulation of this composite model relies on certain assumptions, including a monochromatic x-ray photon beam source (i.e., x-ray photons of a single, consistent energy) and that interactions between the x-ray photons and the materials (water and porous material) are independent. However, x-ray sources typically used by researchers in this field of study produce x-ray photon beams over a spectrum of energy levels, or polychromatic x-ray photons. Implications of this inconsistency are introduced and discussed. This paper presents both an overview of fundamental descriptions of the x-ray attenuation measurement technique and results from a parametric experimental study of various porous construction materials, including calcium silicate board, aerated autoclaved concrete, clay brick, cementitious materials, and wood. Results from the parametric investigation indicate the attenuation coefficient of water is dependent on the type and thickness of the porous material.
Introduction

121
The linear attenuation coefficient, µ is equivalent to 122 the total probability of x-ray photon-material interaction ton scatter, or pair production [25] . Eq. 2 defines µ 127 therefore as:
where τ, σ , and κ are the photoelectric, Compton, and Fig. 3(a) . Furthermore, the x-ray camera 176 used here, described below, and similar devices used by ray spectrum produced by the exact source utilized here.
191
The shape of the photon energy spectrum, described by 
211
[32, 33] defined by:
213
The x-ray spectrum, Ψ E (x), which can vary depend-
214
ing on x-ray source (see spectra provided in references 
where the terms a * , b * , and c * are analogous to a, b, and slopes of the solid red plot in Fig. 4 ; therefore, to sim-261 plify analysis the effective attenuation coefficient, µ e f f ,
262
is utilized.
263
The effective attenuation coefficient,
needed for use in the integrated Beer-Lambert law (Eq.
265
1) to describe the x-ray attenuation provided by a par-266 ticular thickness of a material, as defined by Eq. 8:
Combining Eqs. 8 and 7 provides an expression to de-268 scribe the effect of x-ray source energy and beam hard-269 ening on the effective attenuation coefficients of ma-270 terials which is measured using a polychromatic x-ray 271 source and an x-ray camera:
The various attenuation coefficients illustrated in 
381
Beyond transmitted x-ray photons, the x-ray cam- 2.0283 C 5
1.0607 C 6 1.00236 pixels) for varying x-ray source current and energies.
415
Eq. 13, which relates initial intensity to x-ray source 416 current, i and energy, E m , was found to accurately fit 417 measured initial intensity:
where C 1−6 are fitting parameters shown in Table 1 . Eq. (Fig. 7(a) ). For aluminium (Fig. 7(d) ), thick- the fits provided by Eq. 14 for the various parent mate-506 rials. Eq. 14. 
Discussion
510
Comparison of results in Fig. 8(b) showing the cou- Table 2 indicates a potential relation- same value for µ e f f ,w (t). Figure 11 : Resolution of moisture content changes for various materials and thicknesses with an x-ray source energy of 85 keV and current of 70 µA using fitted effective attenuation coefficients of the various building materials using Eq. 9 and coupled effective attenuation coefficient of water using Eq. 15.
attenuation coefficient of water.
As shown in Fig. 8 for the studied conditions. 642 Table 4 : Values for various attenuation coefficients of water in series with various parent materials and the potential error (%) in calculations of moisture content from x-ray attenuation measurements if the linear, µ w or effective, µ e f f ,w attenuation coefficient was used rather than the coupled effective attenuation coefficient, µ e f f ,w (t). 
Parent Material
